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[57] ABSTRACT 
A static stress and a sinusoidal dynamic stress are ap 
plied to the internal surface of the anulus. The electric 
voltage between the internal surface and the external 
surface of the anulus is measured for each value of the 
static stress. The static stress at which the sinusoidal 
voltage is maximum corresponds to the pre-stress due to 
the binding. 

1 Claim, 2 Drawing Figures 
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METHOD FOR MEASURING THE PRE-STRESS IN 
HOOP-BOUND ANULUSES OF RECTANGULAR 

CROSS-SECTION AND MADE OF 
PIEZOELECI'RIC CERAMIC MATERIAL 

FIELD OF THE INVENTION 

The present invention relates to a method and a de 
vice for measuring the pre-stress in hoop-bound annu 
luses having a rectangular cross-section and made of 
piezoelectric ceramic material. 

BACKGROUND OF THE INVENTION 

It is known to bind annuluses made of piezoelectric 
ceramic material to reduce their fragility and thus to 
allow their fatigue ratio and their permissible power to 
be increased. 

It is necessary to measure the stress which has been 
induced by binding to ensure that it corresponds to the 
required stress. 

SUMMARY OF THE INVENTION 

The method of measuring the pre-stress in hoop 
bound annulusee having a rectangular cross-section, 
made of piezoelectric ceramic material according to the 
invention comprises the steps of: 

Imposing a main stress on the internal cylindrical 
surface of a ceramic annulus which can assume several 
values and a subdidiary stress which varies sinusoidally; 
Measuring the coefficient of deformation d or the 

coefficient of stress g of the ceramic annulus for each 
value of the main stress; 
Noting the applied main stress whih corresponds to 

the maximum of the coe?icient measured this applied 
main stress being equal in absolute value to the pre 
stress due to binding. 
The method according to the invention is based on 

the fact that the piezoelectric deformation coefficient d 
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or stress coefficient g decreases appreciably when the 40 
ceramic substance is subjected to a static stress in com 
pression or tension. These coef?cients therefore go 
through a maximum at zero stress. 
The device according to the invention allowing said 

method to be brought into effect comprises a 
sealed chamber ?lled with liquid whose lateral sur 

face is cylindrical and is constituted by a resilient 
wall round which said ceramic annulus is ?tted, 
said resilient wall then being pressed against the 
internal cylindrical surface of the annulus. 

Means are provided for supplying a determined main 
pressure P in said chamber and to make said pressure 
vary. 
Means are further provided for reading said mean 

pressure and means are provided for applying a subsid 
iary pressure in said chamber which varies sinusoidally 
and has a determined maximum amplitude. 
Means are provided also for measuring the sinusoidal 

electric voltage between the cylindrical internal surface 
and the cylindrical external surface of the ceramic annu 
lus. The maximum voltage is obtained for a main pres 
sure P which imposes a stress of the same absolute value 
as the pre-stress due to the binding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
the following description . FIG. 1 is a sectional view of 
a device embodying the invention. 
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2 
FIG. 2 is a plot of the variation of the piezoelectric 

coefficients of the annulus made of a hoop-bound ce 
ramic substance as a function of the stress applied to the 
internal surface of the annulus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a measuring device embodying the 
invention which comprises a sealed toroidal chamber 1 
with a vertical axis, formed in a block 2. The cylindrical 
external wall of this chamber 1 is formed by a resilient 
wall 3. The outside diameter of the chamber 1 is equal 
to the inside diameter of the toroidal rings such as ring 
4 to be pre-stressed. These rings 4 have a rectangular 
cross-section and their height is equal to the height of 
the chamber 1. The central part of the block 2 com 
prises a tube 5 with a vertical axis connected by a pipe 
6 to the chamber 1. 

This tube 5 is blocked at is upper part by the piston 7 
of an exciter 8. The piston can slide vertically inside the 
tube 5. 
The lower part of the tube 5 is connected to a hydrau 

lic pump 9 ?tted with a gauge 10. 
The chamber 1 as well as the tube 5 are ?lled with 

liquid. ' 

The terminals of a volmeter 11 are connected to the 
cylindrical internal and external surfaces of the ring 4. 
A main pressure P is applied by the pump 9. This 

pressure is measured by the gauge 10 and knowing the 
cylindrical external surface area S of the chamber 1, the 
stress T = P/S applied to the resilient wall 3 is deduced 
directly. 
By means of the exciter 8, a subsidiary pressure which 

varies simusoidally is applied to the liquid contained in 
the tube 5, the maximum amplitude of this pressure 
being p. 

It is known that the stress coefficient g is given by the 
following formula: 

2 = W!” 

e being the thickness of the ceramic ring, p being the 
maximum amplitude of the sinusoidal subsidiary pres 
sure, and V being the sinusoidal difference in potential 
between the internal cylindrical surface and the external 
cylindrical surface of the ring 4 measured by the volt 
meter 11. 
Now, it is also known that g is a function of the stress 

T. 
This function is at its maximum when T is equal in 

absolute value and of opposite sign to C, the pre-stress 
due to the binding, since for this value of T, the ceramic 
substance is no longer subject to any static stress either 
in tension or in compression. 
For each value of T which is deduced from the value 

of the pressure P read on the gauge 10, a value of V is 
read on the voltmeter 11 which gives a value propor 
tional to g. The curve in FIG. 2 is obtained by plotting 
along the y axis values of g or of a proportional magni 
tude, for example V or d (coefficient of deformation d 
= e g), against values of T plotted along the X axis. 
This curve presents a maximum for a degree of stress 

To this allowing the pre-stress C due to the binding to 
be deduced since C is equal to To in absolute value. 
What I claim is: 
1. A method for measuring the pre-stress in a hoop 

bound annulus having a rectangular cross-section and 
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made of piezoelectric ceramic material, said method 

comprising the steps of: 
applying a pressure stress on the internal cylindrical 

surface of said annulus, said pressure stress having 
a main continuous component and a subsidiary 

sine-shaped component, 
varying the main continuous component while keep 

ing the maximum amplitude of said subsidiary sine 
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shaped component at a constant value, said main 
continuous component assuming several values, 

and measuring the sinusoidal electric voltage gener- 
ated across the annulus by the subsidiary compo 
nent' of said pressure stress for each value of the 
main continuous component, whereby, the main 
continuous pressure stress component which corre-v 
sponds to the maximum value of said voltage is a 
measure equal, in absolute value, of the pre-stress 
due to binding. 
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